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Abstract

Background: Imeglimin is a novel drug shown to improve mitochon-
drial function in patients with diabetes. This study was undertaken to 
evaluate the efficacy and safety of imeglimin in patients with poorly 
controlled type 2 diabetes. The effect of aging on the efficacy and 
safety of this drug was also evaluated.

Methods: Imeglimin (2,000 mg/kg) was administered for 3 months 
to 52 patients. Hemoglobin A1c (HbA1c) and other blood biochemi-
cal parameters were measured before and after the 3-month treatment 
period. Regression analysis was performed to determine the influence 
of age on the effects of the drug on these parameters.

Results: Significant reduction of HbA1c and serum lipids were noted 
after the treatment. Regression analysis to determine the influence of 
age on relevant biochemical parameters in patients receiving imeg-
limin revealed that the biochemical effects of this drug on the serum 
levels of the hepatic function parameters (aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and γ-glutamyl transferase 
(γ-GTP)) and the serum uric acid level were influenced by interac-
tions between the patient’s age and the pre-treatment baseline levels 
of the parameters. Older patients with higher baseline levels of these 

parameters demonstrated greater reduction in hepatic biomarkers fol-
lowing treatment with imeglimin.

Conclusions: This study confirmed imeglimin as a useful drug for 
individuals with type 2 diabetes who exhibit poor glycemia control. 
The effects of imeglimin in reducing the serum levels of hepatic func-
tion parameters were reinforced by aging, indicating that imeglimin 
is a particularly useful drug for patients with type 2 diabetes who are 
elderly and/or have hepatopathy.

Keywords: Imeglimin; Type 2 diabetes; Antidiabetic drug; Japan; 
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Introduction

Imeglimin is a novel antidiabetic drug that has been shown to 
improve mitochondrial functions [1]. To date, this drug is ap-
proved for therapeutic use only in Japan. Imeglimin exerts two 
important effects through improving mitochondrial functions 
by promoting insulin secretion [1, 2] and improving hepatic 
and skeletal muscle glucose production and utilization [3, 4].

In the treatment of patients with diabetes, drug therapy is 
typically added when exercise and dietary therapy alone prove 
insufficient. This study investigated the efficacy and safety of 
administering imeglimin in patients who were unable to ad-
here adequately to exercise and dietary therapy and therefore 
had poor glycemic control.

Previous studies have demonstrated the efficacy of imeg-
limin in improving the glucose metabolism in patients with 
type 2 diabetes. Prior to the present study, however, there have 
been no reports of studies that investigated the influence of the 
patient’s age on the efficacy and safety of imeglimin. There-
fore, the present study was designed to analyze the differences 
in the efficacy of imeglimin depending on the patients’ age.

Materials and Methods

Subjects

This study was conducted in compliance with the ethical stand-
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ards of the responsible institution for studies in human subjects 
as well as with Declaration of Helsinki.

The study was conducted in Japanese patients with type 2 
diabetes. All the participants provided consent for participation 
in the study after receiving an explanation about the methods 
and objectives of the study from their attending physicians. 
The study protocol was approved in advance by the Ethics 
Committee of the Medical Corporation Odakai (Institutional 
Review Board (IRB) Approval No. 2021-1-9). We officially 
registered the study with the UMIN as an open label study (ID: 
UMIN000053539).

The subjects consisted of 52 outpatients with type 2 dia-
betes, including 35 men and 17 women, in whom therapeu-
tic lifestyle modifications failed to yield adequate glycemia 
control.

Dosing method

Each patient received oral imeglimin (Sumitomo Pharma Co., 
Ltd., Tokyo, Japan) at 1,000 mg/dose twice daily for 3 months.

Measurement of the blood hemoglobin A1c (HbA1c) level, 
blood lipid profile, hepatic and renal function parameters, 
and other blood biochemical parameters

Blood samples from the study subjects were collected before 
the start and at the end of the 3-month treatment period with 
imeglimin (each at the appropriate time of the day). Serum 
was separated from the samples and stored frozen at –80 °C 
until the measurements. The serum levels of lipids, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
γ-glutamyl transferase (γ-GTP), creatinine (Cre), blood urea 
nitrogen (BUN), amylase, and uric acid were measured at the 
Handa Medical Association Health Center (Aichi, Japan) in an 
Auto Analyzer (JCA-BM8000 series, JAOL, Tokyo, Japan). 
HbA1c was measured at the same center by an automated high 
performance liquid chromatography (HPLC) method (HLC-
723GX, Tosoh Corporation, Tokyo, Japan).

Statistical analysis

Data are expressed as means ± standard deviation (SD). A 
paired t-test was used for testing the significance of differences 
in the pre- and post-treatment levels of the blood biochemical 
parameters. The significance level was set at 0.05 (P < 0.05). 
A regression analysis was performed, involving interactions, 
with the data measured at the end of the 3-month imeglimin 
treatment course as the dependent variables, and the pre-treat-
ment levels and patients’ age as the independent variables.

The regression model is as follows: y = a + bx + cz + dxz, 
where x is the pre-treatment level, y is the level at the end of 
3-month imeglimin treatment, and z is the patient’s age.

An optimal model was determined using independent 
variables based on the Akaike information criterion [5]. If the 
original data were expected to improve normality, the data 

were also analyzed after logarithmic transformation.
We checked if the conclusion from such an analysis would 

differ from that derived from analysis of the original data with-
out logarithmic transformation.

Results

Effects of imeglimin treatment on the body weight, body 
mass index (BMI), and blood levels of HbA1c, lipids, he-
patic function parameters, renal function parameters, uric 
acid, and amylase

The age distribution and duration of illness are shown in Table 
1. We did not investigate whether the duration of illness affects 
the efficacy of Imeglimin. The mean (with SD) values of each 
parameter before and after imeglimin treatment and 95% con-
fidence intervals (CIs) of the difference are shown in Table 2.

Body weight and BMI

Significant decreases of the body weight and BMI were ob-
served after imeglimin treatment for 3 months as compared 
with the pre-treatment levels.

HbA1c

The serum HbA1c decreased significantly following imeglim-
in treatment as compared with the pre-treatment level.

Lipid profile

The serum levels of total cholesterol (TC), low-density lipo-

Table 1.  Patient Characteristics at Baseline

Group Imeglimin
N 52
Duration of diabetes (years) 10 ± 7
Male/female 35/14
Age (years) 63 ± 14
Age distribution (n)
    30s 1
    40s 11
    50s 13
    60s 12
    70s 9
    80s 6
    90s 1

Data are expressed as means ± SD. SD: standard deviation.
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protein-cholesterol (LDL-C) and non-high-density lipopro-
tein-cholesterol (non-HDL-C) decreased significantly after 
3-month imeglimin treatment as compared with the pre-treat-
ment levels. The serum levels of HDL-cholesterol (HDL-C) 
and triglycerides remained unaffected by imeglimin treatment. 
The atherosclerosis index (AI index, non-HDL-C/HDL-C) and 
the L/H ratio (LDL-C/HDL-C) decreased significantly follow-
ing imeglimin treatment.

Hepatic function parameters

The serum levels of AST and ALT decreased significantly, 
while the serum γ-GTP remained unchanged, as compared 
with the pre-treatment levels, following imeglimin treatment.

Renal dysfunction parameters

No changes in the Cre, estimated glomerular filtration rate 
(eGFR) or BUN were observed following imeglimin treatment.

Uric acid and amylase

Imeglimin treatment had no effect on the serum levels of uric 
acid or amylase.

Effects of the patient’s age on the efficacy of imeglimin

Regression analysis was carried out to analyze the influence 
of the patient’s age on the baseline levels (before the start of 
imeglimin treatment) and on levels after the 3-month imeg-
limin treatment period. This analysis revealed that the effect of 
imeglimin in reducing the serum levels of the hepatic function 
parameters AST, ALT, and γ-GTP, and the serum uric acid lev-
el was influenced by interactions between the patient’s age and 
baseline levels of these parameters. The higher the patient’s 
age, the greater was the efficacy of imeglimin in reducing the 
levels of these parameters (Fig. 1). In Figure 1, we make lines 
for age 30, 45, 60, and 75, which are obtained by substituting 
each age into the regression models.

In addition, we then attempted conducting the same analy-
sis after logarithmic transformation of the three liver function 
parameters (AST, ALT and γ-GTP) from the viewpoint of im-
proving the data normality, and obtained similar results. The 
blood level of HbA1c, which is the major target of imeglimin 
treatment, was not affected by the patient’s age.

Discussion

Imeglimin, a novel antidiabetic drug, is currently used only 
in Japan. Imeglimin has been reported to significantly reduce 
HbA1c levels in type 2 diabetes patients and is considered a 

Table 2.  Responses to Imeglimin in Japanese Patients With Type 2 Diabetes Mellitus (N = 52 (Male: 35; Female: 17))

Before 3 months of therapy 95% CI of difference
Body weight (kg) 74.8 ± 22.0 73.5 ± 22.3** –2.2, –0.4
BMI (kg/m2) 27.2 ± 6.8 26.7 ± 6.9** –0.81, –0.19
HbA1c (%) 8.6 ± 1.1 7.7 ± 1.0** –1.2, –0.6
Total cholesterol (mg/dL) 190 ± 39 177 ± 43** –21, –4
LDL-C (mg/dL) 106 ± 32 97 ± 33** –16, –2
HDL-C (mg/dL) 57 ± 20 56 ± 17 –3.9, 1.9
Non-HDL-C (mg/dL) 133± 38 121 ± 42** –20, –3
Triglycerides (mg/dL) 191 ± 137 188 ± 278 –86, 81
AI index 2.6 ± 1.2 2.4 ± 1.1* –0.59, –0.01
L/H 2.0 ± 0.8 1.9 ± 0.8** –0.34, –0.06
AST (U/L) 24.2± 12.9 20.8 ± 6.4* –6.6, –0.2
ALT (U/L) 28.8 ± 20.8 21.9 ± 12.0** –12.0, –2.0
γ-GTP (U/L) 44.4 ± 46.5 36.9 ± 39.8 –16.5, 1.5
Cre 0.8 ± 0.3 0.8 ± 0.3 –0.03, 0.03
eGFR 75 ± 22 75 ± 20 –2.5, 3.1
BUN 17.1 ± 4.6 17.0 ± 4.3 –1.4, 1.2
Amylase (IU/L) 74.5 ± 36.4 74.4 ± 30.6 –8.1, 7.9
Uric acid (mg/dL) 4.9 ± 1.3 4.9 ± 1.3 –0.24, 0.24

Data are expressed as means ± SD. *P < 0.05, **P < 0.01. BMI: body mass index; HbA1c: hemoglobin A1c; LDL-C: low-density lipoprotein choles-
terol; HDL-C: high-density lipoprotein cholesterol; AI index: atherogenic index; L/H: LDL-C/HDL-C; AST: aspartate aminotransferase; ALT: alanine 
aminotransferase; γ-GTP: γ-glutamyl transpeptidase; Cre: creatinine; eGFR: estimated glomerular filtration rate; BUN: blood urea nitrogen; CI: 
confidence interval; SD: standard deviation.
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drug with a favorable safety profile [6]. Imeglimin exerts a 
unique effect of improving the mitochondrial functions [1, 2]. 
The drug stimulates insulin secretion [2] and improves glucose 
metabolism in the liver and skeletal muscles [3, 4].

In the treatment of diabetes mellitus, it is usual to initially 
prescribe therapeutic lifestyle interventions, and then to add 
drug therapy if these prove insufficient for obtaining adequate 
glycemia control. In practice, there are also patients in whom 
therapeutic lifestyle interventions are difficult to implement. In 
such cases, it may not be possible to achieve sufficient blood 
glucose control by drug therapy.

The present study was undertaken to clarify the efficacy 
and safety of imeglimin in Japanese patients with type 2 dia-
betes, in whom it was difficult to apply therapeutic lifestyle in-

terventions. The study was additionally aimed at investigating 
differences in the drug’s efficacy depending on the patients’ 
age.

In this study, treatment with imeglimin resulted in a sig-
nificant reduction of the body weight and BMI. Although the 
exact reason for the reduction in these parameters remains un-
clarified, it seems likely that the reduction in body weight was 
associated with gastrointestinal symptoms, which occur often 
as adverse reactions to imeglimin. On the other hand, there are 
also some reports suggesting that imeglimin treatment had no 
effect on the body weight [7, 8].

The blood level of HbA1c, the primary treatment target, 
decreased significantly following imeglimin treatment. With 
regard to imeglimin, recent reports on imeglimin have sug-

Figure 1. Scatter plot of the serum AST, ALT, γ-GTP, and uric acid levels before and after 3 months of imeglimin treatment, with 
regression line for each age group. (a) Serum AST levels. (b) Serum ALT levels. (c) Serum γ-GTP levels. (d) Serum uric acid 
levels. In the equations, x represents baseline values, y represents values after 3 months, and z represents age. N = 52. Regres-
sion analysis was performed. AST: aspartate aminotransferase; ALT: alanine aminotransferase; γ-GTP: γ-glutamyl transferase.
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gested that prolongation of erythrocyte lifespan may lead to 
relatively elevated HbA1c levels [9].

In regard to the blood lipid levels, significant decreases 
of the serum TC, LDL-C and non-HDL-C were observed fol-
lowing imeglimin treatment; as a result, the AI index and L/H 
ratio also decreased. Patients with type 2 diabetes often show 
abnormal lipid metabolism, which is a risk factor for athero-
sclerosis [10]. In the present study, imeglimin improved the 
lipid profile of patients with type 2 diabetes, thereby reducing 
the risk of atherosclerosis. Patients with type 2 diabetes tend to 
be obese, and their body weight often reduces with improved 
blood glucose control, accompanied by an improvement in the 
blood lipid profile. The effect of imeglimin in improving the 
lipid profile observed in the present study could also be ex-
plained with this sequence of changes. However, according to 
one previous study, imeglimin treatment had no effect on the 
blood lipid levels [8].

Taken together, the results of the present study suggest 
that imeglimin is a useful drug for improving the glucose me-
tabolism and lipid metabolism in Japanese patients with type 2 
diabetes in whom it is difficult to implement therapeutic life-
style interventions.

In regard to the drug’s safety, imeglimin treatment resulted 
in a significant reduction of the serum levels of ALT and AST 
among the three important liver function parameters (ALT, 
AST and γ-GTP); the serum level of γ-GTP, while it tended to 
decrease, showed no significant change following imeglimin 
treatment. Fukunaga et al reported a significant reduction of 
all of ALT, AST and γ-GTP following imeglimin treatment [7].

Imeglimin treatment had no effect on the parameters of 
renal function (Cre, eGFR and BUN). The serum amylase and 
uric acid levels also remained unaffected. These results sug-
gest that imeglimin is an antidiabetic drug with a good safety 
profile.

Regression analysis was carried out to analyze the influ-
ence of the patients’ age on the levels of each of the measured 
parameters before the start and at the end of 3-month imeg-
limin treatment period. This analysis revealed that the effect of 
imeglimin in reducing the serum levels of the hepatic function 
parameters AST, ALT, and γ-GTP, and the serum uric acid lev-
el was influenced by interactions between the patient’s age and 
baseline levels of these parameters. The higher the patient’s 
age, the greater was the efficacy of imeglimin in reducing the 
levels of these parameters (Fig. 1). The significant decrease in 
the blood level of HbA1c, the major target of imeglimin treat-
ment, was not influenced by the patient’s age, so that imeglim-
in could be considered as a useful antidiabetic drug for patients 
over a wide age range, covering juvenile to elderly groups.

Liver function is often compromised in patients with 
type 2 diabetes, and a high percentage of these patients show 
evidence of hepatic steatosis [11]. Hepatic steatosis has been 
reported to be associated with the risk of progression to non-
alcoholic steatohepatitis (NASH) [12, 13]. Therefore, the re-
ductions in the hepatic function parameters of AST and ALT 
by imeglimin treatment in this study may be interpreted as 
representing advantageous effects of the drug. In addition, it 
appeared that this effect of imeglimin was reinforced by aging, 
suggesting that this drug might be particularly suitable for el-

derly type 2 diabetes patients with hepatic dysfunction. Anoth-
er advantage of imeglimin in elderly patients is that the drug’s 
effect of reducing the serum uric acid level (which is known to 
rise with advancing age) was also reinforced by aging.

This trial did not include a control group. Furthermore, the 
number of patients was small.

These are the limitations of this study. We plan to conduct 
a further trial in the future, incorporating a control group, if 
possible, and increasing the number of patients.

In conclusion, imeglimin treatment was associated with 
a significant reduction in the serum level of HbA1c (a major 
treatment target) in Japanese patients with type 2 diabetes in 
whom therapeutic lifestyle interventions were difficult to im-
plement, irrespective of the patient’s age, and without posing 
any particular safety risk. These results indicate that imeglimin 
is a useful antidiabetic drug for patients over a wide age range, 
covering juvenile to elderly groups. Furthermore, our results 
suggested that the effect of imeglimin in reducing the serum 
levels of AST, ALT, γ-GTP and uric acid was reinforced by 
aging, so that the drug can be used without any safety concerns 
even in patients with type 2 diabetes who are elderly and/or 
have hepatopathy.
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